Grey model can be counted as a potent approximation for extracting system dynamic information with only small amount of data. A weighted Markov model is appropriate for predicting the stochastic fluctuating dynamic by a transition probability matrix and normalizing autocorrelation coefficient as weighted and a single gene system cloud grey SCGM(1,1) c model. It is applied to regulate the development trend of time series. In this paper we employed a weighted Markov SCGM(1,1) c model for predicting the gold/oil ,DJIA/gold and USD/XAU ratios. By examining the forecasted results, it was concluded that the weighted Markov SCGM(1,1 )c model is a reliable and effective modeling method.
INTRODUCTION
Economic systems are convoluted and can be specified by deterministic or random models. Gold, oil, dollar and Dow Jones index are playing an important role in these systems. Over the long term gold keeps its value in real terms, but in short run factors such as financial stress, inflation, real interest rates, political turmoil, etc., can move gold away from its long run balance for extended times. Predicting and analyzing the movements of these draw much attention from policy makers now days. Gold and oil are critical not only in the assessing of derivatives and hedging plans, but also in larger financial market and the world economy; Moreover their degree of correlation is greatly positive (J. Simakova, 2011) . The gold-to-oil ratio indicates the interrelationship between the commodity that makes the foundation of global economy and the commodity that has been the ultimate form of money. Dow Jones index is an indicator of aggregate stock market activity. Dow to gold ratio shows that how many ounces of gold it would take to buy the Dow on any given month. USD/XAU rate is another important indicator which some currency rankings demonstrate that it is the most popular gold exchange rate. The monthly fluctuations of gold/oil, DJIA/gold and USD/XAU ratios in recent years are shown in Figure 1 and Figure 2 . The variations of these ratios are vital issues of macroeconomic.
By using various methods the relations between these variables have been analyzed in literature. (K. S. Sujit , B. Rajesh Kumar, 2011) established the dynamic relationship among gold price, Oil price with exchange rate and stock index using vector autoregressive technique. FULL PAPER (H.F. Chang, L.C. Huang, M.C. Chin, 2013) Le, Y. Chang, 2011) found that the oil price causes the gold price nonlinearly and can be applied to forecast the gold price. The grey system theory is the study of grey system modeling, analysis, decision making, prediction and control theory. The fuzzy mathematics copes with issues of phenomenon with cognitive uncertainty by experience and affiliation functions. Probability and statistics need specific distributions and large sample. When any necessary distribution cannot establish or we do not have any prior experience or large sample, the grey models can be used (Liu S., Lin Y., 2006) . The grey model examines and detects the realistic laws of evolution of events through the works of sequence operators and information coverage (Liu S., Lin Y., Forrest J.Y.L., 2010) . These characteristics make the grey models superior compared to probability, statistics and fuzzy mathematics models. The grey models have been used in many fields such as economics ( The goal of this paper is to introduce the new model by combining the benefits of SCGM(1,1)c model and Markov chain. We predict the ratios of gold/oil prices, DJIA/gold and USD/XAU by applying the weighted Markov SCGM(1,1)c model.
THE MATHEMATICAL MODEL

Suppose
(0) as the initial time series as follows:
A new sequence ̅ (1) is obtained by the transformation of (0) as
where
which can be expressed as
Provide that ( ) = ( −1) − is a discrete exponential function of non-homogenous and time series { ̅ (1) ( ) } is a trend relationship, the system cloud grey SCGM(1,1)c model is
The response function is presented as
= (10)
The system cloud grey SCGM(1,1)c is achieved by replacing ̂( 1) (1) as
The grey precision index which shows the departure degree between the raw data and the fitted value is calculated as follows:
The ( ) series created a nonstationary random process. Hence for evaluating the fluctuation rule of grey precision the Markov processes are applied in order to increase the prediction precision of SCGM(1,1)c model; Moreover more precise forecasting result can be obtained by the weighted Markov model when the data are a stochastic fluctuating dynamic process. A Markov chain is a stochastic process { , = 0,1, …} in discrete time with infinite or finite state space S which satisfies: (Markov property). If is an event relying only on any subset of { −1 , −2 , … . ,0} for each ≥ 1 then
Markov theory predicts the future state of the system based on state transition probability. The transition probability reflects the influence degree of the stochastic factors. The advantages of weighted Markov chain and the grey theory are identifying the state transition regularity and showing the variation trend of time series data, respectively which gathered in the weighted grey Markov SCGM(1,1)c model simultaneously, therefore the precision of high volatile time series data is increased. Any state of ( ) is expressed as
where is the ℎ state , the lower and upper bounds of the th state are ⨂ 1 = ( ) + , ⨂ 2 = ( ) + , respectively in which and are regarded as constant. An element of the transition probability is calculated as
where ( ) is the number of occurrence that altering from states to with steps and is the number of state in the Markov chain of ( ) index. As a result the × step of transition probability matrix is achieved as
The related importance of each transition probability is quantified with the order autocorrelation coefficient of data as
Then is normalized to get
where is the highest order by forecasting inquiry, frequently taken| | ≥ 0.3.
Associating the initial state as the relating state of grey precession index in the preceding one year with the row vector of its corresponding transition probability matrix leads to state transition probability vector in the year as
The m-order weighted state transition probability matrix is calculated as
, , ∈ , , , ≤
Consequently state transition probability of grey precision index to forecasted year is
We consider max{ , ∈ } as a forecasted state of grey precision index by the weighted Markov chain. By linear interpolation the predicted value ̂( + 1) is calculated as
At last the predicted value in the ( + 1) ℎ year is obtained as follows:
The mean absolute percentage error (MAPE) is used for evaluating the prediction precision of the model as
CASE STUDIES AND DISCUSSION
Gold has a thorough impact on the value of world currencies. This paper employed the weighted Markov SCGM(1,1)c model to monthly fluctuations of Gold/Oil, DJAI/Gold and average USD/XAU ratios. The data of these ratios from January 2011 to February 2013 are used for modeling and listed in Table 1 . We obtain:
Gold/Oil ratio: ̂( 0) ( ) = 15.924 The grey precision indices are calculated according to Equation (13) which demonstrates the trend of these ratios in Table 2 . The grey precision indices are partitioned into states with equal ranges (Table 3) for applying the weighted Markov chain.
An autocorrelation curve (Figure 3) shows that which order of the autocorrelation coefficients of grey precision indices satisfies in| | ≥ 0.3. The maximum order weighted state transition probability of Markov chain, normalized autocorrelation coefficients and weighted values of Markov chain and weighted Markov chain prediction probability for all ratios are presented in Table 4 . Gold/Oil At last a predicted value of weighted value of weighted Markov SCGM(1,1)c model for every ratios and the precision of forecasting are calculated by formula (24) and (25) (table 5). The high precision of forecasting values exhibit that the weighted Markov SCGM(1.1)c model gives the reliable and certified forecasting results. 
CONCLUSION
Grey theory utilizes comprehensive mathematics method to forecast the insufficient system of information. Grey SCGM(1,1)c model looks for obtained information from time series data themselves, seeks for general altering trend and it is valid for arbitrary length series data. Weighted Markov chain shows the influence degree of the stochastic factor by a transition probability and it is applicable to dynamic process with stochastic volatility. As gold holds an important place in financial world, this paper combined these models and has assessed the application of weighted Markov SCGM(1,1)c model in predicting the monthly ratios of gold/oil, DJAI/gold and USD/XAU. The relative prediction errors 6%, 5.52% and 6.68% for gold/oil, DJAI/gold and USD/XAU ratios, respectively indicate that the model was credible and achieved acceptable performance.
